ABSTRACT
Introduction
Productions of mono sex populations offer many advantages in aquaculture including enhanced growth. Many researchers focused on the usage of steroids in aquaculture, which in addition to sexual differentiation, may increase growth. The main advantage of steroids against synthetic growth hormones is that they are harmless over the biological activity when added to fish feed (24) .
At present there are treatment protocols for 47 species (15 families) of gonochores (34 species; nine families) and hermaphrodites using either one of the 31 steroids (16 androgens, 15 estrogens) separately or in combination. 17α-Metiltesteron and estradiol-17β are the most widely used hormones. Individuals especially of Cichlidae and Cyprinidae may grow 2-3 times faster when they are treated with optimal hormone dosage (1, 9, 18 ).
Hunter and Donaldson point out that hormone treatment through diet is the most convenient and useful way of applying steroids (11) . Immersion treatment is preferred for cold water species and permits earlier treatment at larval stages. However, immersion alone has not ensured 100% sex reversal in most salmonids (18, 19, 23) .
Social reaction against the application of hormones and risk factor due to hormone treatment makes indirect profits of hormone treatments a more acceptable option in aquaculture. All female populations may be produced by normal female and sex reversed males (12) . Different hormones such as 17α-Methyltestosteron, 11β-hydroxyandrostenedione, 17α-Ethynyltestosterone are used for masculinisation in fish. In culture conditions, female rainbow trout are more resistant against diseases and have better meat quality (7). However, survival and growth rates of male rainbow trout decrease when cultured in sea water. While sexual maturation occurs after about 24 months in females, it occurs at age of 10-18 months in males (3, 20) . Like all species rainbow trout spends energy for gonad activity besides muscle growth and due to this negative effect on growth it is undesired for culture fish to achieve sexual maturity at early age.
Initial studies about sex control in aquaculture were performed by Hendry et al. (9) , Pandian et al. (18) and Yamamoto (25) . Commercial methods have been optimized for production of all female populations by synthetic steroids (6, 12) . Due to inconvenience caused by direct hormone usage related with human consumption, the most common method for sex reversal in rainbow trout is indirect method to obtain sex reversed brood stocks (15) .
EFFECTS OF DIFFERENT HORMONES ON SEX REVERSAL OF RAINBOW TROUT (OncOrhynchus mykiss WALBAUM) AND PRODUCTION OF ALL-FEMALE POPULATIONS
The aim of the present study was to establish masculinized brood stocks for producing all female populations in commercial rainbow trout farms in Turkey and to assess the effect of different hormones on growth rate of the treated fish.
Materials and Methods
The study was carried out in the Department of Fisheries and Aquaculture, Ankara University, and at two commercial trout farms in Fethiye, Mugla province, Turkey. All female eye-stage imported eggs were used for the experiment using vertical hatching units to complete hatching. A standard commercial granule feed was used in all experimental groups ( Table 1 ).
The experiment consisted of control treatment and three different doses of 3 hormones -17α-Methyltestosterone, 17α-Ethynyltestosterone and 11β-Hydroxyandrostenedion added to the diets at the rate of 3, 30 and 60 mg kg -1 by dissolving in 200 ml of 95% ethanol per kg feed. The study was planned using "Method of Random Coincidence Parcels" with three repetitions, in 12 groups. An initial number of 1000 eggs were used for each replication ( Table 2) .
Hormone solutions were sprayed over feeds mixing continuously followed by air drying of treated feeds to evaporate the ethanol. The control group feeds were sprayed with 95% ethanol without hormones and air dried. All feeds were stored at -25±1°C.
Following the egg-yolk stage the fries were fed 8 times/ day for first 3 weeks, 6 times/day for following 3 weeks and 4 times/day for whole period after sixth week. By the end of hormone-feeding trial, all fish were transferred into experimental cages placed into concrete raceways and fed twice a day by commercial rainbow trout diet.
Water quality parameters such as temperature, dissolved o 2 , pH, nitrogen fractions, phosphorus fractions, Ca ++ and conductivity were measured in the used water during the experiment ( Table 3) . Fish were weighted monthly for six months beginning from the hormone-feeding period. Weighing was done using 0.01 g sensitive digital scale, from randomly selected samples of 10 fish each and repeated six times to check growth ratio and specific growth rate. Daily growth index was calculated following Busacker et al. (4): • Growth rate (Average daily growth, ADG) ADG %= where: ADG is Average daily growth; W t -weight at t time period (g); W to -weight at t o time period (g).
• Specific growth rate was determined following Laird and Needham (14):
where: SGR is Specific growth rate; W 1 -initial weight (g); W 2 -final weight (g); T -days.
• Daily growth index
Sex reversal ratio was detected by dissecting 20 randomly chosen individuals at maturity and examination of gonads.
• Gonadosomatic index was calculated according to
Hepher ( Data were analyzed using ANOVA, group means comparisons were done using Duncans test (MSTAT) at P<0.05. Data given in percentages were subjected to arcsin transformation before statistical analysis (26) .
Results and Discussion
No significant differences (P > 0.05) were recorded in live weight values of the experimental groups during the first 60 days. However, significant differences were recorded between the 60 th and 180 th day among the groups (P < 0.05). The highest live weight ratios were observed in groups fed with 17α-Methyltestosterone and 17α-Ethynyltestosterone. When performance of all groups was compared with the control, statistically significant differences were observed ( Table 4) . Randomly chosen individuals at maturity and examination of gonads are shown in Fig. 1a, b, c, d .
Specific growth ratio increased in parallel to duration of feeding period for 17α-Methyltestosterone and 17α-Ethynyltestosterone, but decreased for 11β-Hydroxyandrostenedione ( Table 5) .
A comparison of the results showed that the difference on mean daily growth ratios among groups 2, 3, 4, 5, 8 and 10 was not significant ( Table 5) . Minimal values for daily growth index were observed in the control groups at the end of the experiment.
Maximal sex reversal ratios of 86.67±6.67% were observed in the second group (17α-Methyltestosterone). Sex reversal ratio of 100% using 3 mg/kg 17α-Methyltestosterone in 60 days was reported by Bye and Lincoln (5) . The lower percentage measured in this study may be a result from many factors affecting the mechanism as it is pointed out also by Thorgaard and Gall (22) . Furthermore, the aim of our study was to generate masculinized brood stock for production of all female populations and the results were satisfying in terms of the objective of the study.
Intersex individuals were also observed in the groups and the highest intersex ratio of 46.67±6.67% was documented for the fifth group treated with 17α-Ethynyltestosterone. Besides, non-reversed individuals were also observed in these treatments with the highest ratio of 33.33±6.67% in the group treated with 17α-Methyltestosterone. All results for masculinization and intersex ratios are given in Table 6 .
The highest live weight ratios were observed in the groups fed with 17α-Methyltestosterone and 17α-Ethynyltestosterone. Sex reversal ratio of 94% was recorded in rainbow trout treated with 3 mg/kg 17α-Methyltestosteron for 90 days and 100% for those treated with 60 mg/kg 11β-hydroxyandrostenedione for 56 days (11) . Little lower rates were achieved but it is concluded that hormone dosage, feeding period, and existence of natural food sources have strong effect on sex reversal ratio (21) .
GSI ratio in all groups was lower in comparison to the control group treatment which is in agreement with Johnstone et al. (5) and Bye et al (12) , who report that male rainbow trout and Atlantic salmon reach maturity earlier than the females, respectively (5, 12) . Because of early maturation, sex reversed individuals could have higher GSI ratio against the control groups as it is reported by Baker et al. (2) , Nakamura (16), Pandian and Varadaraj (17) and Kavumpurath and Pandian (13) . These studies have shown that the amenability to hormonal induction of sex manipulation varied not only from species to species, but also from family to family and treatment to treatment. In gonochoristic species, sexual differentiation frequently occurs around the time of hatching/first feeding and decreases as ontogenetic development progresses (8) . It has been observed that in coho salmon, newly hatched alevins undergo a series of rapid mitotic divisions in their gonads, which normally coincides with elevated sensitivity to exogenous sex steroids (8) . The present study makes it clear that O. mykiss fries are very sensitive to exogenous hormonal influence and thus amenable for sex change during the post hatching period.
Conclusions
In the present study the paradoxical feminizing effect was dose related i.e. masculinisation of gonads occurred at different rates with different hormones. However, 3 mg/kg 17 α-Methyltestosterone treatment for 60-90 days is appropriate for masculinization of rainbow trout. All female trout stocks produced by this method have advantage in rainbow trout culture since the fish is not meant for direct human consumption and is used to generate brood stock, therefore, difference of growth parameters do not influence the success. Some positive effects on increase in the growth ratios were also observed, that increased availability of sex reversed males to produce all female stock without any use of hormones. It is necessary that the studies on the effects of hormones on growth and muscle development in rainbow trout are continued in the future.
